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Abstract 
This paper proposes an innovative, Eco-friendly, simply operated system for cleaning of light weight wastage materials on 
municipal roads, which is equipped with cylinders of a typical Internal Combustion engine with mechanical gear trains. With 
simple piston action, we can remove light weight wastes like dry leaves and thin plastic things. Our conventional and present 
vacuum cleaners use either Electric power or Gasoline, since it is a kind of polluting our environment in an indirect way. To 
overcome the disadvantages of conventional systems and to protect our environment, we use a pneumatic system here with the 
least number of moving parts which are cheaper than present vacuum cleaners. This system does not need either Electrical or 
Gasoline energy. It is as simple as pushing a wheelchair, so anyone can run this system. We can extend its application to any 
level. Our system has two operations. Both operations are simultaneous and give more power to the machine. 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Organizing Committee of HumTech2014. 
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1. Introduction 
Developing countries like India, Syria, Bangkok, Pakistan, Bangladesh and other 39 countries are more polluted 
than any other countries in the world [3]. Based on the statistics of Pollution Control Board of India, there are 670 
million people living in polluted places [4]. These countries are denser and have more means of transportation like 
railroads and road transports. According to the Resource Conservation and Recovery Act (RCRA) report the 
majority of railroad transportation and motor freight facilities are considered to be the largest hazardous waste 
generators. The other forms of waste management like treatment, storage and disposal facilities (TSDFs) are 
processed under strict regulations [5]. The government of these countries are not able to take much action to clean 
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and develop these areas as it is almost impossible to provide equipment like vacuum cleaners in slums and railway 
tracks because of financial crisis. It creates a big impact on health like illness, physiological abnormalities, disorder, 
physical irregularities, mutational changes in the genes, cancer and in extreme cases; it may lead to even death of 
those organisms that live in railroad areas and municipality roads [6]. This paper explains below where this system 
can serve the under-served. 
 
1.1. Types of Wastes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Types of wastes 
 
Among these, municipal waste is the primary one [7]. Municipal waste includes papers, dry leaves, Plastic wastes 
etc. Here the light weight wastes like dry leaves, papers and other wastes are taken into our consideration. 
According to the statistics, solid wastes collected from streets increased considerably especially paper is the largest 
single part, by both weight and volume, of municipal solid wastes. A report says that every year there is more than 
50 million tons of paper wastes disposed of at landfill sites [8]. Collection and transportation of wastes take more 
than $6 billion in the United States, which is one of the developed countries, where they move the most solid wastes 
to dumps and landfills and they burn a part of the wastes to ashes [8].To remove these wastes, municipality uses 
street sweepers and leaf collectors. As stated above, developing countries are not able to carry out costly systems to 
clean these light weight wastes. A street sweeper takes a considerable amount of gasoline energy to clean wastes 
like leaves, paper waste and other types of light weight wastes. Hence it is not good for the environment, as it uses 
fuel energy. Here we can see about fuel consumption details of a typical vacuum cleaner [10]. 
 
1.2. Engine Specifications 
Table 1. Engine Specifications of John Deere 4045D at 1800 RPM 
 
Fuel  economy 
Fuel  consumption 
Maximum  operating  temperature 
Maximum operating speed 
Price 
379 lbs/HP-hr @ 1800 RPM 
2.89 gallons per hour 
212 F 
6-7 km/hr. 
$18000 Approximate [15] 
 
   
To clean 6 kilometers, a typical vacuum cleaner takes 2.9 gallons of gasoline. It means to clean 6 kilometers, a 
street sweeper emits 8.41 pounds of carbon Monoxide [11]. 
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This system gives solution to both the problems. In this project a simple two-stroke engine technology is used to 
collect waste without using any form of fuel energy. Here we have explained the detailed functions of our wastage 
remover with its cycles. 
2. Construction  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Construction 
 
It has two cylinders facing each other which are made with from glass fiber, connected in an inverted ‘V’ shape 
by a shaft. A spur gear is connected to the shaft parallel to the wheel shaft and a rubber chain connects these two 
shafts. This spur gear rotates the worm gear and the worm gear operates pistons. Here 10:1 worm gears are used. 
The same wheel shaft rotates exhaust fans at 900 RPM by operating 300:1 worm gear. A brush collects dust from 
the front, which rotates at the same speed of exhaust fan. Thus it improves the performance. When one cylinder 
intakes waste another cylinder at opposite exhausts atmospheric air at high velocity to lift up the dust and to make 
operation easier. A spring plays a key role in absorbing atmospheric air inside the chamber. The garbage collector 
collects dust from the cylinder. It is a water separator bag. Thus we can separate debris from water molecules. Here 
we use an ordinary electric fan material as an exhaust fan. We can increase the number of cylinders depending upon 
the needs. The function of this cleaner has two strokes. 
x Suction stroke 
x Exhaust stroke 
3. Function 
3.1. Stroke-1 Suction Cycle 
In this step, the piston starts moving from the bottom dead center to the top dead center. While the piston starts 
moving from the bottom position first the dust intake port will open and the spring prevents the air from coming in 
and pressurizer port gets opened. From this time onwards, the dusts start entering in and it starts flowing through the 
dust exhaust slowly due to the movement of the exhaust fan which is connected to the worm gear with a ratio of 
1:300. The exhaust fan creates a centrifugal force [6] to suck up the dust and stores it in the garbage collector. At 
this instant, the pressurizer tube creates a loop between the air which was present in the cylinder in the previous 
cycle and increases the inner velocity of air present inside. When the piston opens the pressurizer then the 
pressurized air gets into the space that is allotted to the wastage and then it further increases the speed of moving 
wastage from the cylinder to the garbage collector. Then onwards, the wastes going into the garbage collector speed 
up because of the combo action of the pressurizer and the exhaust fan. When the piston reaches the top dead center, 
the cylinder contains the maximum amount of wastage and the air content in the cylinder gets empty. 
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Fig. 3. (a) Stroke – 1, Suction Stroke; (b) Stroke – 2, Exhaust Stroke 
 
3.2. Stroke-2 Exhaust Cycle 
In this stroke, the piston moves from top dead center to the bottom dead center. When the piston starts moving 
from the top, all the wastage that collected in the previous cycle get compressed by the piston and wastes start 
moving through the exhaust fan to the garbage collector. At the same time, the spring closes the pressurizer and 
opens the air intake. While the piston moves downwards, air fills in continuously inside the cylinder to its maximum 
capacity. When the piston moves to the center of the cylinder, the volume of the air and wastes are in equal amount. 
At the time the piston closes the dust intake port while the dusts coming to inside get blocked and all the remaining 
wastes which are present inside get into the garbage collector and then the piston is free from the dusts. Then the 
next suction cycle begins. 
 
3.3. Worm Gear 
A worm drive is like a spur gear mechanism consisting of a worm like involute groove, one pursuing the other in 
the worm wheel (also called spur gear) to increase or decrease speed [12]. The main purpose of the worm is to 
transmit rotatory motion between two perpendicular shafts. 
This sectional image shows the gearbox arrangement of a worm gear. Worm drive, which is impelled by a worm 
is similar to other gear arrangements, which can limit gyration speed or permit to transmit higher torque. For some 
of the purposes where we need to obtain much faster output speed than the input speed, a worm gear is made to 
function in reverse direction. For this system, we have designed our worm gear to run in reverse to get faster output 
speed. 
Worm gear has a gear mechanism with a spiraling groove, perpendicular to worm wheel, which is smaller in size 
to the plain spur gear mechanism. Thus, it reduces the space and it has an added advantage that it reduces frictional 
loss than spurs gear mechanism. The worm gear forwards a tooth of the worm wheel, after a complete revolution of 
worm and vice-verse when it is used to increase the speed of the given input. We can define the gear ratio of a worm 
drive with “worm gear size: 1”. 
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Fig. 4. Worm Gear Sectional Image 
 
It is proved that a single start worm can increase the speed of the shaft by the proportion of 20:1 i.e. if the worm 
wheel is a 20 tooth gear. It is necessary that if we need smaller volume and reliable output, Pitch Diameter should be 
same for every tooth. Pitch Diameter can be calculated using the circular pitch and number of teeth, 
 
D2=Z2p/π 
 
Here D- Diameter Pitch, Z- Number of teeth, p- Circular Pitch 
 
The velocity of the worm gear is not determined by the size of gear but it is determined by the number of teeth 
[18]. Here we use two types of worm gears. First one is 10:1 and the other one is 300:1. 10:1 worm gear will be used 
to control the operating speed of pistons and 300:1 gear will be used to control the speed of exhaust fan. After three 
rotations of the wheel, the pistons would have completed 30 cycles and the exhaust fan would have completed 900 
revolutions. 
4. Suction Capacity and Efficiency 
Here we use some formulas to find out suction capacity [13] - [16] of vacuum cleaner. 
 
S = Q/P (L/s)           (1) 
Here S – Suction Capacity 
Q – Flow volume (Torr. L/s) 
P – Pressure intensity (Torr) 
 
Q=V/A (L/m2)          (2) 
Here V – Volume (L) 
A – Flow Area (m2) 
 
P=F/A (N/m2)           (3) 
Here F – Force exerted (N) 
A – Area of which force exerted (m2) 
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F=m*a (N)           (4) 
Here m – mass (kg) 
a – acceleration (m/s2) 
 
Centrifugal force of exhaust fan=mv2/r        (5) 
Here m – mass (kg) 
v – Velocity (m/s) 
r – Radius (m) 
 
 
  Table 2. Technical Details of MALWWARE 
No. of Cylinders 
Suction Capacity (L/s) 
Suction Capacity (KPa) 
Airflow (CFM) 
Centrifugal Force (N) 
Airspeed (m3/h) 
Suction Rating (inches of water) 
1 
0.430053 
15 
0.91123 
0.0225 
1.54 
57.137 
 
Note: These calculations are done for one cylinder. Only if the number of cylinders is increased then the values have to be 
multiplied with the number of cylinders. 
5. Conclusion and Future Expandability 
This project purely depends upon the mechanical movement between the pistons. So this project can be applied 
for a long period of time. This project doesn’t use steel or iron rods for designing cylinder instead it uses fabricated 
glass fiber. Hence it has very less amount of frictional loss. Because of this feature the entire setup doesn’t need to 
be shut down for the periodical maintenance. These cylinders are made of uniform material. Thus there is a minimal 
chance of malfunctioning. When it malfunctions, the cylindrical setup alone has to be replaced that too has no 
difficult parts so it easily repairable. As mentioned above it can be extended to any level. It can be used to clean 
household and garden wastes making it compatible and powerful. The same concept can be used in some of the 
places where a vacuum is needed. 
To clean railroads, it can be altered by replacing rubber wheels with train wheels. This equipment is fixed to the 
bottom part of the train so there is no big structural change in the train and it does not spoil the seating capacity of 
the passengers. Removing wastes from the track is done by the mechanical force which is given by the wheels of the 
train. There is no need to fix this waste remover in all compartments and so it requires very small investment to 
collect large quantity of the wastes. The wastes collected are removed when the train reaches the destination. The 
wastes is removed from the railway tracks and sent for safety removal. It does not require any labor to clean the train 
tracks. It has a major disadvantage on the health of the workers. So there is a chance of not life risking and also this 
reduces the man power who is working on this field but at the same time there are a number of workers needed to 
fix this apparatus to the bottom of the train. There is a chance of employment in a large scale. Once the equipment is 
fixed then that has a lifetime of 2-3 years. Therefore it is the cheapest way of removing the wastes present in the 
railroad.  
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Appendix A. Mathematical Proof 
 
Volume of cylinder = 215.984 cubic centimetres (Excluding piston), 166.897 cc (Including piston) 
Flow area of cylinder = 172.787 sq.cm 
Details about the wastes: 
The mass of an object = 0.15 kg (paper tea cup) 
Acceleration factor while working condition of cylinder = 0.0020 m/s2 (per cylinder) 
Area of force exerted = 0.0133517 m2 (excluding piston) 
Force = 0.0003 N (4) 
Flow volume = 0.000125 L/m2, 0.00009659 L/m2 (Excluding piston) approx. (2) 
Pressure intensity = 0.0002246 N/m2 (3) 
Suction Capacity = from 0.5565449 to 0.430053 (L/s) approx. ≈ 15 KPa. (1) 
The centrifugal force of exhaust fan = 0.15*15*0.01 = 0.0225 N approx. (5) 
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